We report on all-optical 1310 to 1550 nm wavelength conversion and NRZ-to-RZ data format conversion based on nonlinear polarization rotation in a single semiconductor optical amplifier.
Introduction
Undoubtedly, the 1310 nm transmission window is experiencing renewed interest. Multi-Gbit/s 1310 nm transmission technology is employed in access and metro networks [1] [2] . The long-haul core network is traditionally centered on the 1550 nm transmission window. Moreover, the core network transmission systems operating at bit rates of higher than 40 Gbit/s usually transmit return-to-zero (RZ) bits with a pulse duration of a few picoseconds and utilizing optical time domain multiplexing (OTDM) technology. As a result, a new network subsystem is required to interface access-metro systems utilizing the whole low-loss bandwidth of silica fibre with the 1550 nm based core network. An ultra wideband wavelength and data format conversion subsystem should offer all-optical multi-Gbit/s wavelength and data format conversion capability to avoid the bottleneck of optical-electrical-optical conversion, while remaining cost-effective. Several ultra wideband wavelength upconversion techniques have been reported to date e.g. [3] [4] . Nonlinear polarization rotation in a transparency region of the semiconductor optical amplifier (SOA) is a promising candidate to realize cost-effective multi Gbit/s wavelength up-conversion from the gain region of the SOA [5] . In this letter, we present new results that clearly demonstrate the potential of this concept within alloptical telecommunication networks. We asset experimentally the static and dynamic performance of 1310 to 1550 nm wavelength conversion based on nonlinear polarization rotation in a transparency region of the single SOA. The measurements concerning inverted and non-inverted up-conversion are shown. A wavelength up-conversion with simultaneous NRZ-to-RZ data format conversion is demonstrated for the first time.
Setup
An all optical 1310 to 1550 nm wavelength and NRZto-RZ data format converter setup is depicted in the dashed box of Fig. 1 . The subsystem is made from a 1310 nm SOA (active length 800 µm), wideband couplers (WCs), polarization controllers (PCs), a 1550 nm signal source, and a polarization filter formed by a polarization controller in combination with a polarization beam splitter (PBS). The SOA is in general a birefringent device. The injected 1310 nm light introduces additional birefringence in the 1310 nm SOA via carrier density changes [6] . This causes the transverse magnetic (TM) and the transverse . Therefore, the 1550 nm signal at the SOA output has a changed state of polarization with respect to a 1550 nm signal without any 1310 nm signal present. This is exploited by the polarization filter. The PC3 is adjusted in such a way that the 1550 nm signal with the rotated polarization passes through the PBS. The PC3 could also be adjusted that the 1550 nm signal with the rotated polarization can not pass through the PBS. As a result both inverting and non-inverting conversion can be obtained.
Experiments and results
First, we measured the static operation by applying a continuous wave (CW) light at the 1310 nm input and measuring 1550 nm optical power directly after the PBS. However, the system was first optimized using a modulated 1310 nm signal. In all experiments a SOA current of 300 mA was maintained. Fig. 2 shows the normalized power of the 1550 nm light in the function of the input 1310 nm light power. The slope of the non-inverted transfer curve indicates 2R regeneration capabilities. We verified that at 2.5 Gbit/s for the input extinction ratio (ER) 3.5 dB at 1310 nm the ER equal to 7.7 dB can be obtained at 1550 nm, which agrees with the static measurements. 
Fig. 3 1310 to 1550 nm NRZ conversion: (a) BER, (b) input 1310 nm signal trace, (c) non-inverted and (d) inverted output 1550 nm signal trace
Next, we investigated the dynamic performance of the proposed converter. A 9.95328 Gbit/s NRZ signal, Fig.3(b) was generated by modulating a CW light at 1310 nm in an intensity modulator (IM) with a pseudorandom binary sequence (PRBS) of length 2 31 -1. The input 1310 nm signal power was set to 5 dBm and the 1550 nm CW laser power was set to 7 dBm. The output 1550 nm signal was evaluated in the preamplified 10 Gbit/s receiver. Fig. 3(a) shows results of BER measurements as function of the measured optical power before the erbium doped fibre preamplifier (EDFA). As a reference we used an optimized 1550 nm NRZ signal generated in the IM. No error-floor was observed and the power penalty at BER 10 -9 for the non-inverted operation [ Fig. 3(c) ] is 2.4 dB, and 6.9 dB for the inverted operation [ Fig.  3(d) ]. The power penalty is caused by the slow recovery time of the SOA. The pattern effect is visible in Fig. 3(d) . The pattern effect related penalties are pronounced by the shape of the transfer function in the inverting mode of the operation. By adjusting the PC1 we verified the polarization sensitivity at BER 10 -9 to be less than 1 dB.
Finally, we replaced the 1550 nm CW source by the 10 GHz clock signal at 1550 nm generated in a modelocked laser. The pulse full-width at half maximum (FWHM) was measured using an autocorrelator to be 2 ps. The input power of the 1310 nm NRZ signal (PRBS 2 31 -1) remained unchanged and the average power of the 1550 nm clock signal was set to 6 dBm. We concentrated only on the 1310 nm NRZ to 1550 nm RZ non-inverted conversion. We measured the 1550 RZ signal pulse FWHM to be 2.2 ps at the output of the converter. The results of the BER measurements are presented in Fig. 4(a) . As a reference we used an optimized 1550 nm RZ signal. Again, no error--floor was observed and the power indicate that the converted 1550 nm RZ signal can be used as a tributary channel in an OTDM data stream with a data rate up to 160 Gbit/s. Again, by adjusting the PC1 we verified the polarization sensitivity at BER 10 -9 to be less than 1 dB.
Conclusions
We investigated performance of 1310 to 1550 nm wavelength and NRZ-to-RZ data format converter based on nonlinear polarization rotation in a single SOA. We evaluated the static and dynamic operation. The proposed technique has several key advantages: a single SOA is used, enables transparent all-optical networking, operates at high bit rates, offers in general 2R regeneration, NRZ-to-RZ data format conversion, the converted RZ signal can be used as a tributary channel in an OTDM data stream and is polarization insensitive. In principle, the proposed technique may be used for any up-conversion from the SOA gain region with simultaneous NRZ-to-RZ data format conversion. The demonstrated results prove that the proposed concept is a strong candidate for interfacing access-metro and core networks in alloptical communication networks.
